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(54) Method of manufacturing semiconductor mirror wafers 



(57) A method of nnanufacturing semiconductor mir- 
ror v\afers includes a double side primary mirror polish- 
ing step, a back side low brightness polishing step and 
a front skie final mirror polishing step, wherein a silica 
containing polishing agent is used together with a poly- 
olefin type fine particle material for the back side low 
brightness polishing. The method is capable of low 
brightness polishing of the back side, sensor detection 
of the front and back sides, suppression of generation of 
fine dust or particles from back side, thereby to increase 
the yield of semiconductor devices, manufacturing mir- 
ror wafers with higher flatness level, and higher produc- 
tivity due to simplification of processes. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a method of manu- 
facturing semiconductor mirror wafers, in particular, sin- 
gle-aystal silicon mirror wafers (hereinafter may be 
referred to. for brevity, as "mirror wafer") which become 
substrates for fabricating semiconductor devices. 

2. Description of the Related Art 

Generally, as shown in Fig. 21. the manufacturing 
method of semiconductor wafers includes a slicing step 
(A) to obtain wafers of thin disc shape by slicing a single 
crystal ingot formed by a pulling step using a crystal 
pulling machine; a chamfering st^ (B) to chamfer a 
peripheral edge portion of the wafer obtained through 
the slicing step (A) to prevent cracking or breakage of 
the wafer; a lapping step (C) to flatten the surface of the 
chamfered wafer by lapping it; an etching step (D) to 
remove processing damage of the so chamfered and 
lapped wafer; a primary mirror polishing step (E1 ) to pri- 
marily polish one side of the etched wafer to ot>tain a 
primary mirror surface of the wafer; a final mirror polish- 
ing step (G) to finally polish the side of the so primarily 
mirror polished wafer to obtain a final min'or surface of 
the wafer; and a cleaning step (H) for cleaning the finally 
mirror polished wafer to remove the polishing agent or 
dust particles from its surface. 

As the etching step (D), there are two types of 
steps, that is. an acid etching step using an acid etching 
solution of a mixed add or the like and an alkaline etch- 
ing step using an alkaline etching solution of NaOH or 
the like. In the acid etching step, as shown in Fig. 22. a 
relatively high etching rate is obtained, and surface 
roughness of an etched wafer is so fine that a cycle of 
the roughness is less than 1 0 ^im in frequency and a P- 
V (Peak to Valley) value thereof is smaller than 0.6 ^m. 
On the contrary, in the alkaline etching step, as shown in 
Fig. 23. surface roughness of an etched wafer is so 
large that a cycle of the roughness is in the range of 10 
to 20 ^m in frequency and a P-V value thereof some- 
times exceeds 1 .5 \xm. The alkaline etching is in the ten- 
dency which will be used more in the future because 
wafers having a higher flatness level compared with the 
acid etching can be obtained by the alkaline etching. 

However, in the semiconductor wafer produced 
through the respective steps shown in Fig. 21, the fol- 
lowing problem has been seen because the back side of 
the etched wafer is left as etched to the final stage. 

After both the sides of the wafer are etched in the 
etching step, only the front side of the wafer is subjected 
to mirror polishing in the next mirror polishing step. The 
polished front side of the wafer is not chucked by as a 
vacuum chucking means and therefore offers no prob- 
lem. However, when the back side of the etched wafer is 



chucked by such a chucking means, etched portions still 
remaining in the fc>ack side with relatively large surface 
roughness are chipped or broken to generate fine dust 
or a great number of fine partides, due to which the 

5 yield of semiconductor devices being degraded. This 
problem is remarkat>le in alkaline etched wafers. 

Then, if both of the front and back sides of the wafer 
are mirror polished, the above*mentioned problem is 
canceled because the polished wafer having no large 

10 surface roughness may suppress to generate fine dust 
or a great number of fine particles. 

According to the above-mentioned double side mir- 
ror polishing wherein both the front and back sides of 
the wafer are mirror polished, the steps of mirror poiish- 

15 ing are doubled and since back side of the wafer is also 
mirror polished respective sensors of processing 
machines can not distinguish the front side from the 
back side. Further so mirror polished wafer tends to slip 
out during handling process. There have been no effec- 

20 tive means capable of such low brightness polishing for 
semiconductor wafers that can satisfy the abasie sensor 
detection and wafer conveyance. 

SUMMARY OF THE INVENTION 

25 

With the foregoing prot)lems in view, it is an object 
of the present invention to provide a novel method of 
manufacturing semiconductor mirror wafers which is 
capat)le of low brightness polishing, sensing the differ- 

30 ence between the front side and tDack side of the wafer, 
suppression of fine dust or particles generated by chip- 
ping of the back side of the wafer, thereby to increase 
the yield of semiconductor devices, fiigher productivity 
due to simplification of processes, higher flatness level 

35 wafer processing. 

To attain the foregoing object, in one aspect, the 
present invention provides a method of manufacturing 
semicofKluctor mirror wafers induding a polishing step 
which is in a wafer manufacturing process comprises 

40 the sub-steps of (a) double side primary mirror polishing 
of both front arKi back sides of a wafer, (b) single side 
low brightness polishing of the back side of the double 
side polished wafer, and (c) single side f inal mirror pol- 
ishing of the front side of the single side low brightness 

45 polished wafer, wherein a semiconductor wafer polish- 
ing agent comprising a silica containing polishing agent 
as a main component and a polyolef in type fine particle 
material as an additive is used for the single side low 
brightness polishing of the wafer. 

so In another aspect, the present invention provides a 
method of manufacturing semiconductor mirror wafers 
including a wafer polishing step which is in a wafer man- 
ufacturing process comprises the sub-steps of (a) dou- 
ble side low brightness polishing of both front and t>ack 

55 sides of a wafer, and (b) single side final mirror polishing 
of the front side of the double side low brightness pol- 
ished wafer, wherein a semiconductor wafer polishing 
agent comprising a silica containing polishing agent as 
a main component and a polyolefin type fine particle 
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material as an additive is used for the double side low 
brightness polishing of the wafer. 

The wafer manufacturing process preferably com- 
prises the steps of (a) slicing a single crystal Ingot to 
form wafers of thin disc shape, (b) chamfering a periph- s 
eral edge portion of the sliced wafer, (c) lapping the 
chamfered wafer to flatten the surface thereof, (d) etch- 
ing the chamfered and lapped wafer to remove process- 
ing deformation thereof, and (e) polishing the etched 
wafer. 

In the third aspect, the present invention provides a 
method of manufacturing semiconductor mirror wafe^ 
whidi comprises the steps of (a) slicing a single crystal 
ingot to io^m wafers of thin disc shape, (b) chamfering a 
peripheral edge portion of the sliced wafer, (c) double 
side primary min'or polishing of both front and back 
sides of a wafer, (d) single side low brightness polishing 
of the k>ack side of the double side polished wafer, and 
(e) single side final mirror polishing of the front side of 
the single side low brightness polished wafer, wherein a 
semiconductor wafer polishing agent comprising a silica 
containing polishing agent as a main component and a 
polyoiefin type fine partide material as an acfelitive is 
used for the single side low brightness polishing of the 
wafer. 

In the fourth aspect, the present invention provides 
a method of manufacturing semiconductor mirror wafers 
which comprises the steps of (a) slicing a single crystal 
ingot to form wafers of thin disc shape, (b) chamfering a 
peripheral edge portion of the sliced wafer, (c) double 
side low brightness polishing of both front and back 
sides of the chamfered wafer, and (d) single side final 
mirror polislvng of the front side of the dout>le side low 
brightness polished wafer, wherein a semiconductor 
wafer polishing agent comprising a silica containing pol- 
ishing agent as a main component and a polyoiefin type 
fine particle material as an additive is used for the dou- 
ble side low brightness polishing of the wafer. 

The silica containing polishing agent includes a col- 
Iddal silica polishing agent, and it is preferred to use a 
polyoiefin aqueous dispersion as the polyoiefin type fine 
partide material. The amount of the polyoiefin type fine 
partide material is in the range of 0.01 to 1 percent by 
weight preferably 0.01 to 0.5 percent by weight, and 
optimally 0.01 to 0.1 percent by weight relative to the 
total amount of the polishing agent. 

The polyoiefin type fine partide material or polyoie- 
fin aqueous dispersion includes the aqueous disper- 
sions disclosed in Japanese Patent Laid-open 
Publication Nos.4-46904, 4-88025 to 88026. 4^89830 to 
89832 and 4-218548 to 218549. Further, it is preferred 
to use CHEMIPEARL (trade name for a polyoiefin aque- 
ous dispersion manufactured by Mitsui Petrochemical 
Industries. Ltd.) which contains the above noted poly- 
oiefin type fine partide material or polyoiefin aqueous 
dispersion. 

The present invention has been accomplish^ on 
the basis of the findings that low brightness polishing 
can be achieved by forming the semi-spherical small 



projections having a diameter of 50 to 500 ^m and a 
height of 0.05 to 0.5 pm in the back side of a semicon- 
ductor wafer which is polished using a silica containing 
polishing agent added with a polyol^in type fine particle 
material. Accordingly, by mirror polishing the front side 
of the wafer and tow brightness polishing the back side 
of the wafer, difference in brightness occurs between 
the front and back sides thereof. Therefore, sensor 
detection of the front and back sides becomes possible. 
The term iDrightness" denotes the percentage of the 
tested surface reflectance relative to 100 of the perfect 
mirror surface reflectance. In this specification, the term 
"low brightness polishing" is defined as mechanochem- 
ical polishing of wafers using polishing agents including 
specified materials which can form fine roughness on 
polished wafer surfaces without generation of process- 
ing damage. 

Further, there can be suppressed the generation of 
dust from the back side of the wafer which is subjected 
to the low brightness polishing using the above silica 
containing polishing agerrt added with a polyoiefin type 
fine particle material. For example, when the low bright- 
ness polished back side of the wafer is chucked in a 
photolithography process of a device manufacturing 
line, the generation of dust by chipping can be sup- 
pressed and thereby the yield of semiconductor devices 
can be increased. 

In the conventional wafer manufacturing method, a 
lapping step is carried out in order to remove the proc- 
ess damage and to improve the very bad flatness (TTV; 
Total Thickness Variation) of the wafer introduced in the 
slicing step. The lapping step also affords a damage of 
several micrometers. The etching step is used for 
removing the damage of the wafer. 

The inventors found by extended researches that 
the double side polishing can remove the process dam- 
age and to improve the very bad flatness (TTV) of the 
wafer introduced in the siidng step. As the doi^e side 
polishing affords the wafer few damages, the etching 
step is not required as a matter of course. Further, the 
present inventors reached the third and fourth aspects 
of the present invention through the findings that combi- 
nation of the double side polishing and low brightness 
polishing using a semiconductor wafer pdishing agent 
which contains mainly a silica containing polishing 
agent and is added with a pdyolefin type fine particle 
material. 

The above and other objects, features and advan- 
tages of the present invention will become manifest to 
those versed in the art upon making reference to the 
detailed description and the accompanying sheets of 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart showing the first errtjodiment 
of the present invention; 

Rg. 2 is a flow chart showing the second embodi- 
ment of the present invention; 



75 



20 



25 



30 



35 



40 



45 



SO 



3 



BNSDOCID: <EP 078217GA2 I > 



5 



EP0 782 179 A2 



6 



Fig. 3 is a flow chart showing the third embodiment 
of the present invention: 

Rg. 4 is a flow chart showing the fourth embodi- 
ment of the present invention; 

Rg. 5 is a schematic side view showing a single 5 
side polishing machine used in Experiments and 
Comparative Experiments; 
Rg. 6 is a photomicrograph of a wafer surface proc- 
essed by low brightness polishing according to 
Experiment 2; io 
Rg. 7 is a photomicrograph and a graph showing 
the flatness of another surface portion of the wafer 
processed by low brightness polishing according to 
Experiment 2; 

Rg. 8 is a graph of the relationship between the is 
amount of the polyolefin type fine particle material 
and the polishing rate according to Experiment 1 ; 
Fig. 9 is a graph showing results of the measure- 
ment on the brightness of wafer surface processed 
according to Experiment 1 and Comparative Exper- 20 
iments 1 to 3; 

Rg. 10 is a graph showing results of the evaluation 
on the generation of dust of the wafer surfaces 
processed according to Experiment 1 and Compar- 
ative Experiments 1 to 3; 25 
Rg. 11 is a diagram showing a method of evaluat- 
ing the generation of dust particles of the wafer sur- 
faces processed according to Experiment 2 and 
Comparative Experiments 1 to 3; 
Rg. 12 is a photomicrograph of a wafer surface 30 
processed by mirror polishing according to Com- 
parative Experiment 1 ; 

Rg. 13 is a photomicrograph of a wafer surface 
subjected to acid etching according to Comparative 
Example 2; 35 
Fig. 1 4 is a cross sectional schematic view of a dou- 
ble side polishing machine; 
Rg. 15 is a schematic plan view showing a double 
side polishing machine in which an upper polishing 
turn table is removed; 4o 
Rg. 16 is a flow chart showing the characterizing 
part of the first embodiment of the present inven- 
tion; 

Rg. 17 is a flow chart showing the characterizing 
part of the second emtxxJiment of the present 45 
invention; 

Rg. 18 is a graph showing results of the measure- 
ment on the flatness (LTV max) of wafer surfaces 
processed according to Examples 1 to 4. and Com- 
parative Example 1 ; so 
Rg. 19 is a graph showing results of the evaluation 
on the generation of dust particles of the wafer sur- 
faces processed according to Exarnples 1 to 4 and 
Comparative Example 1 ; 

Rg. 20 is a graph showing results of the measure- ss 
ment on the brightness of wafer surfaces processed 
according to Examples 1 to 4 and Comparative 
Example 1 ; 

Rg. 21 is a flow chart showing one example of con- 



ventional manufocturing methods of semicorKluctor 
wafers; 

Rg. 22 is a graph showing distrikxjtion of the sur- 
face roughness of a wafer subjected to add etch- 
ing; and 

Rg. 23 is a graph showing distribution of the sur- 
fece roughness of a wafer subjected to alkaline 
etching. 

DETAILED DESCRIPTION 

The present invention will be described below in 
greater detail by way of the following embodiments and 
examples which should be construed as illustrative 
rather than restrictive. In Rgs. 1-4, 16 and 17. these 
steps which are like or corresponding to those shown in 
Rg. 21 are designated by the conresponding reference 
characters. 

Rg. 1 is a flow chart showing the first errd^odiment 
of the present invention. In a slicing step (A), a single 
crystal ingot formed by a pulling step using a crystal 
pulling machine (not shown) is sliced at a right angle or 
predetermined angle to an axial direction thereof to pro- 
duce a plurality of wafers of thin disc shape. A periph- 
eral edge portion of the wafer obtained through the 
slicing step (A) is chamfered in a chamfering step (B) to 
prevent cracking or breakage of the wafer. The cham- 
fered wafer is lapped and flattened by a lapping 
machine (not shown) in a lapping step (c). 

The lapped and flattened wafer is then subjected to 
alkaline etching in an etching step using 45% solution of 
NaOH. for instance, as an alkaline etching solution to 
remove processing damage thereof, in this alkaline 
etching step, surfece roughness of etched wafer is so 
large that a cycle of the roughness is in the range of 10 
to 20 pm in frequency and a P-V value thereof some- 
times exceeds 1.5 ^m. 

By the way. as shown in Rg. 21 , in the conventional 
method, the wafer which has been etched in the etching 
step (D) to remove the processing damage is subjected 
to the front side primary mirror polishing step (El) and 
the front $ide final mirror polishing step (G) so as to mir- 
ror polish the front side thereof only. Surface roughness 
are generated on tx)th sides of the wafer through the 
etching step. The surface roughness on the front side is 
removed by the above two mirror polishing steps (El) 
and (G) but the surface roughness on the back side is 
left as etched to the final stage. Due to the surface 
roughness, the above noted problem has been seen. 

With the problem in view, in an embodiment of the 
present invention, as shown in Rg. 16 after the etching 
step (D). a double side primary mirror polishing step 
{E2). a single (back) side low brightness polishing step 
(F1) and a single (front) side final mirror polishing step 
(G) are newly canried out in stead of a conventional pol- 
ishing steps. In the double side primary mirror polishing 
step (E2), the etched wafer is primary mirror polished in 
terms of both sides thereof using a double side polish- 
ing machine as shown in Rgs. 14 and 15 and a polish- 
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ing agent described later. 

In the single {back) side low brightness polishing 
step (F1), the wafer which has been double side primary 
mirror polished is low brightness polished in terms of 
the back side thereof using such a single side polishing 
machine 10 as shown in Rg. 5 and a silica containing 
polishing agent added with a potyolef in type fine particle 
material such as a low brightness polishing agent and 
polishing conditions shown in Experiment 1 described 
later. The wafer which has been low brightness polished 
in terms of back side thereof is then subjected to a sin- 
gle side final minror polishing step (G) wherein one side 
(front side) thereof is mirror polished using a single side 
polishing machine as shown in Fig. 5 and a conven- 
tional polishing agent and a cleaning step (H) wherein 
the wafer is cleaned so as to remove the polishing agent 
or dust particles from its surface. 

In the first embodiment of Rg. 1 . as the back side of 
the wafer is low brightness polished, the brightness of 
the back side of the wafer is suppressed to about 95%. 
Thus, sensor detection of the front side and back side of 
the wafer on the basis of the brightness difference 
between fc)oth sides thereof becomes possifc^le. The 
generation of dust is suppressed to such a low level as 
the number of the particle thereon is about 300 (see 
Rg. 10). Therefore, when the back side of the wafer is 
chucked in a photolithography process, the generation 
of dust by chipping can be suppressed and thereby the 
yield of semiconductor devices can be increased. 

Rg. 2 is a flow chart showing the second emkxxJi- 
ment of the present irrvention. Ih Rg, 2, a slicing step 
(A), a chamfering step (B), lapping step (C) and an etch- 
ing step (D) are carried out according to the conven- 
tional steps as shown in Rg. 1 . 

In the second en^^odiment of the present invention, 
after the etching step (D) a double side low brightness 
polishing step (F2) and a single (front) side final mirror 
polishing step (G) are carried out instead of a conven- 
tional polishing step as shown in Rg. 17. 

In the double side low brightness polishing step 
(F2), the etched wafer is low brightness polished in 
terms of tx>th sides thereof using such a double side 
polishing machine as shown in Figs. 14 and 15 and a 
silica containing polishing agent added with a polyolefin 
type fine particle material such as a low brightness pol- 
ishing agent and polishing conditions shown in Experi- 
ment 1 described later. After that, a single (front) side 
final mirror polishing step (G) and a cleaning step (H) 
are carried out as in the first embodiment of Rg. 1 . 

In the second entbodiment of Rg. 2. although the 
order of the stq^s thereof is different from that of the first 
embodiment, as the back side of the wafer is low bright- 
ness polished, the brightness of the back side of the 
wafers is suppressed to about 95%. Thus, sensor 
detection of the front side and back side of the wafer on 
the basis of the brightness difference between both 
sides thereof becomes possible. The front side of the 
wafer is final mirror polished to form a mirror surface 
same as a conventional one. 



Rg. 3 is a flow chart showing the third emt>odiment 
of the present invention. In Rg. 3. a slidng step (A) and 
a chamfering step (B) are carried out as conventional 
ones, but a lapping step (C) and an etching step (D) are 
5 omitted. 

In the third embodiment of the present invention, 
after the chamfering step (B), a double side primary mir- 
ror polishing step (E2) and a single (back) side low 
brightness polishing step (F1) are carried out and tiien 
10 a single (front) side final mirror polishing step (G) are 
carried out 

In the third embodiment of Rg. 3, although the 
order of the steps thereof is different from that of the first 
embodiment, as the t>ack side of the wafer is low bright- 
15 ness polished, the brightness of the back side of the 
wafer is suppressed to about 95%. Thus, sensor detec- 
tion of the front side and back side of the wafer on the 
basis of the brightness difference between both sides 
thereof becomes possible. The front side of the wafer is 
20 final mirror polished to form a mirror surface same as a 
conventional one. 

Rg. 4 is a flow diart showing the fourth embodi- 
ment of the present invention, in Rg. 4. a slicing step (A) 
and a chamfering step (B) are carried out. but a lapping 
25 step (C) and an etching step (D) are omitted as in the 
third embodiment of Rg. 3. 

In the fourth embodim^ of the present invention, 
after the chamfering st^ (B). a double side low bright- 
ness polishing step (F2) is carried out in stead of a dou- 
se? ble side primary mirror polishing step (E2) and a single 
(k^ck) side low brightness polishing step (F1). and then 
a single (front) side final mirror polishing (G) and a 
cleaning step (H) are carried out. 

In the fourth embocfiment of Fig. 4, although the 
35 order of the steps thereof is different from that of the first 
embodiment as the back side of the wafer is low bright- 
ness polished, the brightness of the back side of the 
wafer is suppressed to about 95%. Thus, sensor detec- 
tion of the front side and back side of the wafer on the 
40 basis of the brightness difference between both sides 
thereof becomes possible. The front side of the wafer is 
final mirror polished to from a mirror surface same as a 
conventional one. 

The low brightness polishing in the present inven- 
ts tion will be described below in greater detail by way of 
the following Experiments and Conparative Experi- 
ments together with Figs. 5-13. 

Rg. 5 is a side elevation showing a conventional 
single side polishing machine used in Experiments and 
so Comparative Experiments. In Rg. 5. the polishing 
machine 10 comprises a turn tat>le assembly 12. a 
wafer holder 13, and a polishing agent supplying mem- 
b©- 14. The tum table assembly 12 comprises a turn 
table 15 and a polishing pad 16 adhered on the upper 
55 surface of the turn table 1 5. The turn table 1 5 can rotate 
on a shaft 17 at a predetermined rotation speed by a 
driving device sudh as a motor. The wafer holder 13 is 
for holding with a vacuum chucking means or the like 
means to carry the wafer (W) on the polishing pad 1 6 of 
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the turn table assembly 12 so that the surface of the 
wafer (W) faces to the polishing pad 16. The wafer 
holder 13 can rotate on a shaft 18 at a predetermined 
rotation speed and horizontally move on the polishing 
pad 16 by an appropriate driving device such as a 5 
motor During operation of the polishing machine 10, 
the wafer (W) held by the wafer holder 13 is in contact 
with the polishing pad 16 and proper polishing loads are 
applied to the wafer (W) in a downward direction 
through the shaft 18 and the wafer holder 13. The pol- 10 
ishing agent supplying member 14 is for supplying a 
polishing agent 19 on the polishing pad 16 to supply it 
between the wafer (W) and the polishing pad 16. 

A double side polishing machine is used in Experi- 
ments described below. An example of the double side 75 
polishing machine is shown in Rgs. 14 and 15. 

Fig. 14 is a cross sectional schematic view of the 
double side polishing machine and Fig. 15 is a sche- 
matic plan view showing the double side polishing 
machine in which an upper polishing turn table is 20 
removed. In Rg. 14, the double side polishing machine 
22 comprises a lower polishing turn table 24 and an 
upper polishing turn table 26 which are faced each other 
vertically. A lower polishing pad 24a is adhered on the 
upper surface of a lower polishing turn table 24 and an 2s 
upper polishing pad 26a is adhered on the lower surface 
of the upper polishing turn table 26. The lower polishing 
turn table 24 and the upper polishing turn table 26 are 
rotated oppositely each other by a driving means (not 
shown). The lower polishing turn table 24 has a central 30 
gear 28 which is provided on the upper surtece of the 
central portion thereof and an annular internal gear 30 
which is provided is proximity of the periphery thereof. 
Both tile central gear 24 and the annular internal gear 
30 are rotated independentiy of lower polishing turn 3S 
table. 

Reference numeral 32 denotes a carrier of disc 
type which is supported between the upper surface of 
the lower polishing pad 24a of tiie lower polishing turn 
table 24 and the lower surface of the upper polishing 40 
pad 26a of the upper polishing turn table 26 and rotates 
and revolves slidably between the lower polishing pad 
24a and the upper polishing pad 26a under the action of 
the central gear 28 and tiie internal gear 30. 

The can-ier 32 has a plurality of wafer holes 34. 45 
Wafers (W) which are to be polished are set in the wafer 
holes 34. When tiie wafers (W) are polished, a polishing 
agent is supplied to spaces between the wafers (W) and 
the polishing pads 24a. 26a via hole 38 formed in the 
upper polishing plate 26 from a nozzle 36. As the carrier so 
32 rotates and revolves, the wafers (W) rotates and 
revolve slidably between the lower polishing pad 24a 
and the upper polishing pad 26a. thereby both the sides 
of tiie wafers (W) being polished. 



Experiment 1 
Condition: 

Sample wafers: Czochraiski-grown p-type, (100>- 
oriented, 150-mnrKiiameter. single crystal silicon 
wafer 

Polishing pad: nonwoven fabric (velour-type), hard- 
ness = 80 (Asker C-scale. JISK-6301) 
• Polishing agent: 1 0.0 voI% of AJ-1 325 (SiOg 2 wt%. 
pH=1l, trade name for a colloidal silica polishing 
agent manufactured by Nissan Chemical Indus- 
tries. Ltd.). a polyolefin type fine particle material 
[CHEMIPEARL S650 (trade name for a polyolefin 
aqueous dispersion manufactured by Mitsui Petro- 
chemical Industries, l:td.)] and pure water (tiie rest) 
Polishing load: 400 g/cml^ 
Polishing time: 10 min. 

Under the condition specified above, the amount 
{wt%) of the polyolefin type fine particle material was 
changed wrtti 0.025, 0.1. 0.45 and 1.0. Also, tiie amount 
of pure water was changed for tiie total amount of tiie 
polishing agent so as to become 100 vol%. Using the 
polishing apparatus 10 shown in Fig. 5, the surface of 
each sample wafer (twenty sheets for each test) was 
polished to measure the polishing rate in the polishing 
process. The results of the measurement are shown in 
Rg. 8. 

As is apparent from the results of Rg. 8. against tiie 
level that the polyolefin type fine particle material was 
not added, we found that the degradation of polishing 
rate was seen little when the amount of the material was 
added in tiie range of 0.01 to 0.1 wt%, and ttiat tiie pol- 
ishing process could be performed witfiout serious deg- 
radation of the polishing rate if the material was added 
in the range of 0.1 to 1%. 

Experiment 2 

In the condition of Experiment 1, 0.025 wt% of 
CHEMIPEARL S650 (trade name for a polyolefin aque- 
ous dispersion, manufactured by Mitsui Petrochemical 
Industries, Ltd.) was added while keeping the other con- 
ditions unchanged, and each sample wafer was then 
subjected to polishing. Fig. 6 is a photomicrograph of 
tiie surface of the sample wafer processed in Experi- 
ment 2. Rg. 7 is a photomicrograph of another surface 
portion of the same sample wafer together with a graph 
showing the undulations in tiie back surface measured 
by a surface roughness tester. 

Further, the brightness of the back surface of tiie 
sample water was measured. The results of the meas- 
urement are shown in Fig. 9. As is apparent from Fig. 6 
and 7. semi-spherical small projections having a diame- 
ter of 50 to 500 ^m and a height of 0.05 to 0.5 fim were 
formed. Also, as is seen from Fig. 9, the brightness was 
95% which led to the fact that tiie low brightness polish- 
ing could be achieved. 
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As ^own in Rg. 1 1. a surface We for evaluation of 
the sample water W was pressed with load of 1 kg/cm^ 
against a cleaned mirror surface Wm of a mirror surface 
water W1. After the pressing step, the number of dust 
partides (the nurt^er of particles whose size was larger 5 
than 0.1 fim) on the cleaned mirror surface Wm trans- 
ferred from the evaluation surface We of the sample 
wafer W onto the cleaned mirror surface Wm of tiie mir- 
ror surface wafer W1 was counted using a particle coun- 
ter. The results of the counting are shown in Fig. 10 in 
which the particle generation for the low brightness pol- 
ished surface We of the sample wafer W was evaluated. 

fis is clearly seen from Rg. 10, the number of the 
particles on the low brightness polished surface We was 
about 300. The r^ult was near the nunr^er (200) of par- 
ticles on the mirror polished surface described below. 
Thus, we could found that the dust generation in this 
Example was very low. 

Experiment 3 

The same effect has been confirmed by experi- 
ments where a double side polishing machine 22 as 
shown in Rgs. 14 and 15 were used in place of the sin- 
gle side polishing machine 10 used in the experiments 
descrbed above. 

Comparative Experiment 1 



which was smaller than 0.6 ^m. Also, the brightness on 
the acid etched surface of the sample wafer was meas- 
ured, and the results of the measurement are shown in 
Rg. 9. The particle generation for the acid etched sur- 
face was then evaluate in the same manner as in 
Experiment 2. and the results thereof are shown in Rg. 
10. The brightness of the acid etched surface was 60% 
which was lower than that in Experiment 2. However, 
the numt)er of particles counted to evaluate the dust 
generation was about 700 which was quite higher than 
that obtained in Experiment 2. 

Comparative Experiment 3 

The same sample wafer as used in Experiment 1 
was processed up to the etching process where alkaline 
etching was conducted. The brightness on the alkaline 
etched surface of the sample wafer was then measured, 
and the results of the measurement are shown in Rg. 9. 
Thereafter, the particle generation for the alkaline 
etched surface was evaluated in the same manner as in 
Experiment 2, and the results thereof are shown in Rg. 
10. The brightness of the alkaline etched surface was 
30% which was further lower than that in Comparative 
Experiment 2. However, the number of particles 
counted to evaluate the dust generation was about 1 500 
which was quite higher than that obtained in Compara- 
tive Experimait 2. 
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In the polishing condition of Experiment 1 , 10 vol% 
of AJ-1325 (Si02 2 wt%, pH=1 1 .'trade name for a colloi- 
dal silica polishing agent manufactured by Nissan 
Chemical Industries, Ltd. ) and 90 vol% of pure water 
was used as the polishing agent while keeping the other 
condition unchanged, and both the front and back sur- 
faces of each sample wafer were then subjected to mir- 
ror polishing. 

Rg. 12 is a photomicrograph of the surfece of the 
mirror polished wafer. The brightness was measured in 
the same manner as in Experiment 2. and the results of 
the measurement are shown in Rg. 9. Also, the evalua- 
tion on the particle generation was conducted in the 
same manner as in Experiment 2, and the results 
thereof are shown in Rg. 10. As is cleariy seen from Rg. 
12, undulations of large surface roughness on the mirror 
polished surface were not seen, and the brightness 
thereof was 100% as shown in Fig. 9. The number of 
partides counted to evaluate the dust generation was 
about 200 wfiich was extremely low. 

Conparative Experiment 2 

The same sample vyafer as used in Experiment 1 
was processed up to the etching process where add 
etching was conducted. Rg. 13 is a photomicrograph of 
the acid etched surface of the sample wafer. As is 
apparent from Fig. 13. undulations of fine roughness 
were formed on the wafer surface, a cyde of which was 
less than 10 Mm and a P-V (Peak to Valley) value of 



30 Example 1 

Process: etching -^double side primary mirror polish- 
ing->back side low brightness polishing->front side final 
mirror polishing Double side primary mirror polishing 
35 corKlrtion: 

Sample wafer: CzochralsW-grown p-type. <1 00 >-ori- 
ented, 150mm<|>. etdied silicon wafer 
Polishing pad: polyurethane foam, hardness=70 
40 (Asker C-scale. JISK-6301 ) 

• Polishing agent: 10.0 vol% of AJ-1325 (SiOa 2 wrt%. 
pHsl 1 , trade name for a colloidal silica polishing 
agent manufactured by Nissan Chemical indus- 
tries. Ltd.) and 90 vol% of pure water 

45 • Polishing load: 100 g/cm^ 

• Used sample wafers: 18 sheets 

Under the polishing condition specified above, 
using the double side polishing machine shown in Figs. 

so 14 and 15. each sample wafer was subjected to both 
^de primary mirror polishing, then back side low bright- 
ness polishing as in Experiment 1 and further front side 
final mirror polishing as in Comparative Experiment 1. 
The polished wafer obtained by the above polishing 

55 process reached to the average flatness (TTV) of 1 .2 
lim. the average front side brightness of about 100%, 
the average number of particles on the back side of 
about 300 and the average back side brightness of 
about 95%. 
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Example 2 

Process: etching ->dout>ie side low brightness polish- 
Ing-^front side mirror polishing 

In the condition of the double side primary mirror 
polishing of Example 1. 0.025 wt% of CHEMIPEARL 
S650 (trade name for a polyolefin aqueous dispersion, 
manufactured by Mitsui Petrochemical Industries, lid.) 
was added while keeping the other conditions 
unchanged, and each sample wafer was then subjected 
to double side low brightness polishing. Thereafter, the 
sample wafer was subjected to front side final mirror 
polishing as in Comparative Example 1. 

The polished wafer obtained by the above polishing 
process reached to the average flatness (TTV) of 1.1 
Jim. the average from side brightness of about 100%. 
the average number of particles on the back side of 
about 300 and the average back side brightness of 
about 95%. 

Example 3 

Process: slicing — x^hamfering-^ouble side primary 
mirror polishing^back side low brightness polishing-^- 
front side final mirror polishing Double side primary mir- 
ror polishing condition: 

Sample wafer: Czochralski -grown p-type, <1 00 >-ori- 
errted, 150mm^. etched silicon wafer 
Polishing pad: polyurethane foam, hardness=80 
(Asker C-scale. JiSK-6301) 
Polishing agent: 10.0 vol% of AJ-1325 (Si02 2 wt%. 
pH-11. trade name for a colloidal silica polishing 
agent manufactured by Nissan Chemical Indus- 
tries. Ltd. ) and 90 vol% of pure water 
Polishing load: 1 00 g/cm^ 
Used sanrple wafers: 1 8 sheets 

Under the polishing condition specified above, 
using the double side polishing machine shown in Ftgs. 
14 and 15. each sample wafer was subjected to both 
side primary mirror polishing, then back side low bright- 
ness polishing as in Experiment 1 and further front side 
final mirror polishing as in Comparative Experiment 1. 

The polished wafer obtained by the above polishing 
process reached to the average flatness (TTV) of 0.7 
^m. the average front side brightness of about 100%, 
the average number of particles on the back side of 
about 300 and the average back side brightness of 
about 95%. 

Example 4 

Process: slicing -^chamfering->double side low bright- 
ness polishing->frorrt side final mirror polishing 

in the condition of the double side primary mirror 
polishing of Example 1. 0.025 wt% of CHEMIPEARL 
S650 (trade name for a polyolefin aqueous dispersion, 
manufactured by Mitsui Petrochemical Industries. Ltd. ) 



was added while keying the other conditions 
unchanged, and each sample wafer was then SLd3jected 
to double side low brightness polishing. Thereafter, the 
sample wafer was subjected to front side final mirror 

5 polishing as in Comparative Experiment 1 . 

The polished wafer obtained by the above polishing 
process reached to the average flatness (TTV) of 0.9 
fim. the average front side brightness of about 100%. 
the average number of particles on the back side of 

10 about 300 and the average back side brightness of 
about 95%. 

Comparative Example 1 

15 Process (conventional): slicing-H;hamfering->lapping 
-^add etching->single side primary polishing ->one 
side final polishing 

In the condition of the single side primary polishing 
of Comparative Experiment 1, hardness (Asker C- 

20 scale) of the polishing pad was changed to 80 while 
(^eping the other conditions unchanged and each sam- 
ple wafer was then subjected to single side primary pol- 
ishing. Thereafter, in the condition of single side final 
polishing of Comparative Experiment 1. hardness 

25 (Asker C-scale) of tiie pdlisNng pad was changed to 60 
while teeping the otiier conditions unchanged and each 
sample wafer was subjected to single side final polish- 
ing. 

The polished wafer obtained by the above polishing 
30 process reached to the average flatness (TTV) of 2.1 
pm. the average front side t>rightness of abovX 100 %. 
the average number of particles on the back side of 
about 800 ard the average back side brightness of 
atx>ut 30%. 

35 As stated above, the present invention is capable of 
low brightness polishing of the back side of the wafer, 
sensor detection of the front and back sides of the 
wafer, suppression of fine dust or particles generated by 
chipping of the back side of the wafer, thereby to 

40 increase the yield semiconductor devices, manufactur- 
ing mirror wafers witii higher flatness level, and higher 
productivity due to simplification of processes. 

Obviously, various minor changes and modifica- 
tions of the present invention are possifc>le in the light of 

45 the above teaching. It is therefore to be understood that 
within the scope of the appended dairr^ the invention 
may be practiced othenAnse than as specifically 
described. 

50 Claims 

1. A method of manufacturing semiconductor mirror 
wafers including a polishing step which is in a wafer 
manufacturing process and comprises the sub- 
55 steps of (a) double side primary mirror polishing of 
both front and back sides of a wafer, (b) single side 
low brightness polishing of the back side of the dou- 
side polished wafer, and (c) single side final mir- 
ror polishing of the front side of the single side low 
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brightness polished wafer, wherein a semiconduc- 
tor wafer polishing agent comprising a silica con- 
taining polishing agent as a main component and a 
polyoief in type fine particle material as an additive 
is used for the single side low brightness polishing 5 
of the wafer. 

2. A method of manufacturing semiconductor mirror 
wafers including a wafer polishing step which is in a 
wafer manufacturing process and comprises the 10 
sub-steps of (a) double side low brightness polish- 
ing of both front and back sides of a wafer and (b) 
single side final mirror polishing of the front side of 

the double side low brightness polished wafer, 
wherein a semiconductor wafer polishing agent is 
comprising a silica containing polishing agent as a 
main component and a pdyolefin type fine partide 
material as an additive is used for the double side 
low brightness polishing of the wafer. 

20 

3. A method of manufacturing semiconductor mirror 
wafers according to daim 1 or 2. wherein the wafer 
manufacturing process comprises the steps of (a) 
slidng a single crystal ingot to form wafers of thin 
disc shape, (b) chanrtfering a peripheral edge por- 2s 
tion of the sliced wafer, (c) lapping the chamfered 
wafer to flatten the surtece thereof, (d) etching the 
chamfered and lapped wafer to remove processing 
deformation thereof, and (e) pdishing the etched 
wafer. 30 

4. A method of manufacturing semiconductor mirror 
wafers which conprises the steps of (a) sitdng a 
single crystal ingot to form wafers of thin disc 
shape, (b) chamfering a peripheral edge portion of 35 
the sliced wafer, (c) double side primary mirror pol- 
ishing of both front and back sides of a wafer, (d) 
single side low brightness polishing of the back side 

of the double side polished wafer, and (e) single 
side final mirror polishing of the front side of the sin- 4o 
gle side low brightness polished wafer, wherein a 
semiconductor wafer polishing agent conprising a 
silica containing polishing agent as a main compo- 
nent and a polyolefin type fine particle material as 
an additive is used for the single side low brightness 45 
polishing of the wafer. 

5. A method of manufacturing semiconductor mirror 
wafers which comprises the steps of (a) slidng a 
single crystal ingot to form wafers of thin disc so 
shape, (b) chamfering a peripheral edge portion of 

the sliced wafer, (c) double side low brightness pol- 
ishing of both front and back sides of the chamfered 
wafer, and (d) single side final mirror polishing of 
the front side of the double side low brightness pol- ss 
ished wafer, wherein a semiconductor wafer polish- 
ing agent comprising a silica containing polishing 
agent as a main component and a polyolefin type 
fine partide material as an additive is used for the 



single side low brightness polishing of the wafer. 

6. A method of manufacturing semiconductor mirror 
wafers according to any one of claims 1-5. wherein 
the silica containing polishing agent is a colloidal 
silica polishing agent. 

7. A mefriod of manufacturing semiconductor mirror 
wafers according to any one of claims 1 -6, wherein 
the polyol^in type fine partide material is a polyole- 
fin aqueous dispersion. 

8. A method of manufacturing semiconductor mirror 
wafers according to any one of clairr^ 1 -7. wherein 
the amount of the polyolefin type fine partide mate- 
rial is in the range of 0,01 to 1 percent by weight rel- 
ative to the total amount of the polishing agent. 
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